Epilepsy GABA Baclofen Moringa oleifera a b s t r a c t Objective: Among the psychiatric co-morbidities in epilepsy, anxiety disorders are highly frequent and have profound influence on the quality of life of epilepsy patients. Moringa oleifera Lam. (Moringaceae) is used in traditional medicine to treat various ailments including anxiety and epilepsy. However, no scientific evidence exists to support its use. We studied antiepileptic and anxiolytic activities of aqueous extract of Moringa oleifera Lam. leaves (AEMO). Methods: Antiepileptic activity was evaluated using pentylenetetrazole (PTZ) induced seizure and maximum electroshock (MES) induced seizure test and anxiolytic activity was evaluated using elevated plus maze, light/dark box and hole board test.
Introduction
Epilepsy is a group of chronic neurological disorders characterized by seizures, which are the result of abnormal, excessive or hypersynchronous neuronal activity in the brain. Epilepsy is a worldwide problem that affects between 2% and 3% of the population and accounts for 0.5% of the global burden of disease. According to WHO, epilepsy is one of the most common neurological diseases globally, as approximately 50 i n t e r n a t i o n a l j o u r n a l o f e p i l e p s y 3 ( 2 0 1 6 ) 1 2 -1 9 a r t i c l e i n f o Article history: million people worldwide have epilepsy. Epidemiological studies show that psychiatric disorders are more prevalent among people with epilepsy than in the general population. The existence of comorbid psychiatric disorders has a significant impact on the treatment of epilepsy. 1 Among the psychiatric co-morbidities in epilepsy, anxiety disorders are highly frequent and have a profound influence on the quality of life of epilepsy patients. Several studies have reported elevated rates of panic attacks, panic disorder, obsessive compulsive disorder (OCD), social anxiety disorder and generalized anxiety disorder (GAD) in adult patients with epilepsy as compared with the general population. 2 Anxiety is defined as a feeling of apprehension, uncertainty or tension stemming from the anticipation of imagined or unreal threat. 3 Anxiety affects 1/8th population worldwide and has become an important research area inthe field of psychopharmacology. 4 There is a complex relationship between anxiety and epilepsy likeanxiety as a reaction to a diagnosis of epilepsy, anxiety as a response to social and family stigma due to epilepsy, anxiety as an epileptic aura, ictal anxiety, anxiety (agitation), which occurs during epileptic psychosis, real phobic anxiety related to the attack and anxiety that precipitates an attack. 5 Thus, there is need to come up with the drug therapy useful in the treatment of epilepsy as well as anxiety, which will improve quality of life in epileptic patients.
Moringa oleifera Lam. (Family: Moringaceae) is commonly known as drumstick tree or Shevga. Different parts of these plants are being employed for the treatment of various ailments in the indigenous system of medicine. Several bioactive compounds were recognized in the leaves of M. oleifera such as vitamins, carotenoids, polyphenol, phenolic acids, flavonoids, alkaloids, glucosinolates, isothiocyanates, tannins, saponins and oxalates and phytates. The leaves are rich in Vitamin A and C. It also contains Niazirin, Niazirinin, three mustard oil glycosides, 4-[(4 0 -O acetylalpha-L-rhamnosyloxy) benzyl]isothiocyanate, Pyrrole alkaloid (pyrrolemarumine 400-O-a-L-rhamnopyranoside), and 40-hydroxyphenylethanamide (marumosides A and B), a and g-tocopherol.
It possess antitumor, antipyretic, anti inflammatory, antiulcer, antispasmodic, diuretic, antihypertensive, antidiabetic and hepatoprotective activities. 6, 7 Traditional claims about M. oleifera Lam. suggest its potential in treatment of epilepsy and anxiety. 8, 9 There was no scientific reports presented on the antiepileptic and anxiolytic activity of aqueous extract of Moringa oleifera Lam. leaves (AEMO). Hence, the present study is designed to validate the uses of M. oleifera Lam. leaves in epilepsy and anxiety.
2.
Materials and methods
Plant material
The fresh leaves of M. oleifera Lam. were collected in the month of March and authenticated by Dr. J. Jayanthi, Botanical Survey of India, Pune-411001. The voucher specimen of the same was deposited in Botanical Survey of India, Pune. (Voucher Specimen No: FOGMO3). 
Preparation of extract

Drugs and chemicals
Baclofen, Diazepam, and Phenytoin were obtained from Alkem Laboratories Ltd, Nacharam, Hyderabad.
Animals
Swiss Albino mice weighing 20-25 g of either sex were used. The animals were maintained under standard laboratory conditions at temperature 24 AE 2 8C and relative humidity (30-70%) with a 12:12 h light:dark cycle throughout all the experiment. The animals were fed with standard pellet diet and free access of water. The animals were shifted to the laboratory one hour prior to the experiment. All the experimental procedures and protocols used in this study were approved by the Institutional Animal Ethics Committee (IAEC).
Qualitative phytochemical analysis
Aqueous extract of Moringa oleifera leaves (AEMO) was subjected to qualitative phytochemical screening for presence of phytoconstituent in accordance with the standard protocol. 10 2.6. Quantitative phytochemical estimation
Total phenolic content
The total phenolic content was determined by using Folin-Ciocalteu assay. An aliquot (1 ml) of extracts or standard solution of gallic acid (20, 40, 60, 80 and 100 mg/l) was added to 25 ml volumetric flask, containing 9 ml of distilled water.1 ml of Folin-Ciocalteu's phenol reagent was added to mixture and shaken. After 5 min, 10 ml of 7% Na 2 CO 3 solution was added to the mixture. The solution was diluted to 25 ml with distilled water and mixed. After incubation for 90 min, absorbance against prepared reagent blank was determined at 750 nm with UV-Vis spectrophotometer. All samples were analyzed in triplicates. 11
Total flavonoid content
Total flavonoid content was measured by the aluminum chloride colorimetric assay. An aliquot (1 ml) of extracts (10 mg/100 ml of alkaline methanol) or standard solution of chrysin (20, 40, 60, 80 and 100 mg/l) was added to 10 ml volumetric flask containing 4 ml of dd H 2 O. To the flask was added 0.3 ml 5% NaNO 2 . After 5 min, 0.3 ml 10% AlCl 3 was added. At 6th min, 2 ml 1 M NaOH was added, and the total volume was made up to 10 ml with dd H 2 O. The solution was mixed well, and the absorbance was measured against prepared reagent blank at 510 nm. Samples were analyzed in triplicate. 11 
Total alkaloid content
Accurately measured aliquots (0.4, 0.6, 0.8, 1 and 1.2 ml) of atropine standard solution and 1 ml of AEMO were transferred each to different separating funnels. To it, 5 ml pH 4.7 phosphate buffer and 5 ml Bromocresol green solution was added and shaken with 1, 2, 3 and 4 ml of chloroform. The extracts were collected in a 10 ml volumetric flask and then diluted to adjust volume with chloroform. The absorbance of the complex in chloroform was measured at 470 nm against blank prepared as above but without atropine. 12 2. 
Results
Qualitative phytochemical screening
The preliminary phytochemical screening of AEMO showed presence of tannins, proteins, glycosides, alkaloids, flavonoids, volatile oil, and phenolic compounds.
3.2.
Quantitative phytochemical estimation
Total phenolic content determination
A linear calibration curve of gallic acid, in the range of 0-100 mg/l with coefficient of correlation (r 2 ) value of 0.992, was obtained using Folin-Ciocalteu method (Fig. 1) . Total phenolic content of AEMO was found to be 37.91 mg gallic acid equivalent/100 g of dry weight (Table 1 ).
Total flavonoid content determination
A linear calibration curve of chrysin, in the range of 0-100 mg/l with coefficient of correlation (r 2 ) value of [ ( F i g . _ 1 ) T D $ F I G ] Fig. 1 -Calibration curve of standard gallic acid for determination of total phenolic content.
i n t e r n a t i o n a l j o u r n a l o f e p i l e p s y 3 ( 2 0 1 6 ) 1 2 -1 9 0.9796, was obtained using aluminum chloride colorimetric method (Fig. 2) . Total flavonoid content of AEMO was found to be 63.25 mg chrysin equivalent/100 g of dry weight (Table 1 ).
Total alkaloid content
A linear calibration curve of atropine, in the range of 0-120 mg/l with coefficient of correlation (r 2 ) value of 0.9804, was obtained Folin-Ciocalteu method (Fig. 3 ). Total alkaloid content of AEMO was found to be 91.25 mg atropine equivalent/100 g of dry weight (Table 1 ).
Anxiolytic activity
Antiepileptic activity was evaluated using pentylenetetrazole (PTZ) induced seizure and maximum electroshock (MES) induced seizure test. In PTZ test, treatment with AEMO at doses of 250, 375 and 500 mg/kg significantly (P < 0.01) delayed the onset of seizures and decreased the duration of seizures significantly (P < 0.01) in dose dependent manner compared to vehicle treated group. Treatment with AEMO at doses of 250, 375 and 500 mg/kg showed significant protection against PTZ induced seizure compared to the vehicle treated group. Animal treated with Diazepam (1 mg/kg, i.p.) showed 100% protection against PTZ induced seizures ( Figs. 8 and 9 ). In MES test, treatment with AEMO at doses of 250, 375 and 500 mg/kg significantly (P < 0.01) reduced the duration of tonic hind leg extension as compared to vehicle treated group. The observations are given in Fig. 10 . In light/dark box model, Diazepam (1 mg/kg, i.p.) increased the time spent in the light chamber significantly (P < 0.01) compared to vehicle treated group. Animals treated with AEMO at doses of 250, 375 and 500 mg/kg also showed a significant increase in the time spent in the light chamber (P < 0.01) compared to vehicle treated group (Fig. 6) . In hole board test, Diazepam (1 mg/kg, i.p.) significantly increased numbers of head poking (P < 0.01) compared to the vehicle treated group. Treatment with AEMO (250 mg/kg) increased numbers of head poking significantly (P < 0.05) compared with the vehicle treated group. While treatment with AEMO (375 and 500 mg/kg) increased numbers of head poking significantly (P < 0.01) compared with the vehicle treated group (Fig. 7) . Thus, the results of elevated plus maze, light/ dark box and hole board test revealed that AEMO possess significant anxiolytic effect. Further to elucidate mechanism of action, effect of AEMO on Baclofen induced catatonia was studied. In mechanistic study, Baclofen (5 mg/kg, i.p.) induced significant catatonic effect in animals. Pretreatment with AEMO (250, 375 and 500 mg/kg, i.p.) also induced catatonic effect. In addition, pretreatment with AEMO (250, 375 and 500 mg/kg, i.p.) preponed catatonic effect significantly (P < 0.01) at 30 min interval (Fig. 11 ).
Discussion
From earliest times known to man, medicinal plants are considered as readily available, economical, and effective medication sources. People tend to rely on traditional and other forms of complementary and alternative medicine for chronic conditions, which do not respond well to conventional or modern drug treatments. Among these are neurological disorders such as epilepsy, anxiety, and pain. 17 They provide an effective alternative to modern medicine. Thus, pharmacological evaluation and standardization of such medicinal plants are the need of an hour. 18 M. oleifera has been claimed to be traditionally useful in the treatment of epilepsy and anxiety. Hence, considering the need for medicinal plants as alternative to modern medicine and traditional claim about M. oleifera in treatment of epilepsy and anxiety, the present study was designed to study antiepileptic and anxiolytic activities of AEMO using various behavioral animal models.
The first important investigational step in the discovery of potential antiepileptic drug (AED) is the classical maximal electroshock (MES) test in mice. 19 The MES test is the most commonly used animal model in AED discovery, because seizure induction is simple and the success rate for detecting clinically effective AEDs is high. AEDs such as phenytoin, carbamazepine, and valproic acid inhibit maximal electroshock induced hind limb tonic extension and are therefore [ ( F i g . _ 5 ) T D $ F I G ] [ ( F i g . _ 7 ) T D $ F I G ] Fig. 7 -Effect of AEMO on number of head poking in hole board test; *P < 0.05, **P < 0.01 compared with vehicle treated group (ANOVA is followed by Dunnett's test). effective in the treatment of generalized tonic-clonic and partial seizures. 20 AED discovery is further guaranteed, when the MES test is followed by PTZ test. AEDs such as ethosuximide and phenobarbitone inhibit PTZ induced seizures and are effective in the treatment of generalized myoclonic and absence seizures. These are the two most important screening procedures employed in AED discovery. [21] [22] [23] [24] In present study, mice treated with AEMO (250, 375 and 500 mg/kg, i.p.) significantly protected animals from MES and PTZ induced seizures. This result showed that AEMO possess significant antiepileptic activity and may be useful in treatment of grandmal and petitmal epilepsy.
[ ( F i g . _ 8 ) T D $ F I G ]
The anxiolytic activity of AEMO was evaluated using elevated plus maze, light/dark box and hole board test. EPM is a well-established animal model for testing anxiolytic drugs. In this test, number of entries and time spent in open arms has generally been used as indicator of anxiety, with anxiolytics generally increasing and anxiogenics decreasing these measures. 25 In the present study, treatment with AEMO (250, 375 and 500 mg/kg, i.p.) significantly increased number of entries in the open arm as well as time spent in open arm, indicating an anxiolytic effect.
The light/dark box test is another simple behavior model in mice to detect compounds with anxiolytic effects. The light/ dark box test is based on rodent's natural dislike to bright areas compared to dark areas and their innate exploratory behavior. 26 When mice are placed in the light/dark box, clinically effective anxiolytics have been shown to increase time spent in brightly lit and open area compared to dark compartment. 27, 28 In the present study, AEMO (250, 375 and 500 mg/kg, i.p.) showed significant increase in the time spent in the light box, suggesting anxiolytic action of AEMO.
The hole-board test provides a simple method for measuring the response of an animal to an unknown environment and is widely used to assess emotionality, anxiety, and/or responses to stress in animals. Head-dipping behavior is sensitive to changes in the emotional state of the animal. 25 It has been suggested that anxiolytic drugs increases headdipping behavior. In the present study, AEMO at doses of (250, 375 and 500 mg/kg, i.p.) significantly increased number of head-dipping. This indicates that AEMO possess significant anxiolytic activity.
It has been demonstrated that when the balance between excitatory and inhibitory neurotransmitter activities is shifted pharmacologically in favor of GABAergic transmission, anxiolytic effect is induced. On the other hand, an inhibition of the GABAergic system results in anxiety, restlessness, and even epileptic seizures. These pharmacological findings point to the contribution of inhibitory neurotransmitter GABA to the pathophysiology of brain disorders like anxiety disorders, epilepsy, and schizophrenia. 29 Several AEDs exert their effects by actions on the GABAergic system. For e.g. Barbiturates exerts its pharmacological effects by allosteric activation of the GABA A receptor, increasing the duration of Cl channel [ ( F i g . _ 9 ) T D $ F I G ] Fig. 9 -Effect of AEMO on duration of seizure in pentylenetetrazole induced seizure test; *P < 0.01 compared with vehicle treated group (ANOVA is followed by Dunnett's test). [ ( F i g . _ 1 1 ) T D $ F I G ] Fig. 11 -Effect of AEMO on baclofen induced catatonia; *P < 0.01 vs control (ANOVA followed by Dunnett's test).
[ ( F i g . _ 1 0 ) T D $ F I G ]
opening, BZDs bind to the GABA A receptor increasing the frequency of Cl channel opening, Vigabatrin exert its antiepileptic effects by inhibition of GABA-T, the enzyme responsible for the catabolism of GABA thereby elevating GABA levels and potentiating inhibitory neurotransmission throughout the brain, Tiagabine exert its antiepileptic effects by inhibiting GABA uptake into synaptosomal membranes, neurones, and glial cells. 30 Also, the role of the inhibitory neurotransmitter GABA has long been regarded as central to the regulation of anxiety, and this neurotransmitter system is the target of benzodiazepines and related drugs used to treat anxiety disorders. 31 These evidences suggest a prominent role of GABA in anxiety and epileptic disorder. This made us to find out the involvement of GABA in anxiolytic and antiepileptic activity of AEMO. In an attempt to do so, we evaluated effect of AEMO on Baclofen induced catatonia, a GABA mediated behavior. Baclofen is structurally similar to inhibitory neurotransmitter GABA and stimulates GABA receptors and induces catatonia. GABA mimetic agent potentiates and GABA antagonist inhibits Baclofen induced catatonia (Kasture et al., 1996) . In present study, AEMO (250, 375 and 500 mg/kg, i.p.) significantly potentiated (preponed) Baclofen induced catatonia, which is suggestive of its GABA mimetic action.
Further, it has been known that most of flavonoid (apigenin and chrysin) interacts with GABA A -receptor producing sedation, anxiolytic or anticonvulsive effects. 32 Quantitative phytochemical investigation of AEMO revealed presence of substantial amount of flavonoids. Therefore, it could be concluded from the results that AEMO possess significant antiepileptic and anxiolytic activity, which is probably mediated through its GABA mimetic action. Thus, AEMO can be a good alternative to treatment of anxiety in patients of epilepsy to improve their quality of life.
Conclusion
In conclusion, aqueous extract of M. oleifera possess anxiolytic and antiepileptic effects possibly mediated via of GABA mimetic action and these findings authenticate the traditional claims about use of M. oleifera in treatment of epilepsy and anxiety. The isolation of active constituents from this plant might serve as lead for the development of drugs, which could be a good alternative to treatment of anxiety in patients of epilepsy to improve their quality of life.
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